cepa chromosome aberration and micronucleus tests applied to study genotoxicity of pesticidetreated vegetable extracts.
1990), in human lymphocytes, in V79 cell line of Chinese hamster and in other organism tests such as fish, crustacea and unicellular algae (Fiskesjö, 1985) . Moreover the test can be used to measure also toxicity, studying macroscopic parameters as length of roots, variations in form, colour and consistency of roots, presence of broken root tips, tumors and hooks (Fiskesjö, 1985) .
Many mutagenic/carcinogenogenic compounds can be present in food and some epidemiological studies have indicated that many dietary factors are related with the development of human cancer (Doll and Peto, 1981) . Also pesticide residues can be present in fruit and vegetables and represent a risk for human exposure. Children in particular can be exposed to pesticides by dietary ingestion because they eat more food per body mass than an adult, and their diets differ from those of adults.
The children's diet is often rich in foods containing higher levels of pesticide residue, such as juices, fruits and vegetables (Curl et al., 2003) . The mutagenic and carcinogenic action of herbicides, insecticides and fungicides on experimental animals is well known. Several studies have
shown that chronic exposure to low levels of pesticides can cause birth defects and that prenatal exposure is associated with carcinogenicity (Heeren et al., 2003) . Carcinogenicity and neurotoxicity in adults related to pesticides exposure are also reported (Alavanja et al., 2004) . Some of these substances have been associated with neuro-developmental toxicity and thyroid hormone imbalance. Many pesticides are recalcitrant and bioaccumulative compounds and they are endocrine disruptors (Vogel, 2005) . Toxicological properties, such as mutagenicity, embryotoxicity, teratogenesis and cancerogenesis, are well known for many pesticides (Cueto, 1980; Saleh, 1980; Al-Saleh, 1994; Leiss and Savitz, 1995; De Bertoldi, 1996) . Human exposure to agricultural chemicals has been associated with an increase in cancer incidence (Saftlas et al., 1987; Brown et al., 1990; Blair and Zahm, 1991; Cerhan et al., 1998; Settimi et al., 2003) , even if in some cases only a moderate statistically association is reported (Abdalla et al., 2003) . On the other hand studies on the risk assessment for pesticide residues in food suggest a low importance in cancer risk and adverse health effects in humans. The estimate of human risk related to fruit and vegetables consumption must consider that this food is protective for cancer (Block et al., 1992; Swirsky Gold et al., 1997) and concurrently can contain natural substances with genotoxic activity (Ames et al., 1987) .
The extensive use of pesticides can entail risk not only to human health, but also to the environment and non-target organisms. For this reason, according to the European Directive 91/414, the registration of pesticides is regulated in order to avoid harmful effects on human or animal health, and adverse effects on the environment. Moreover pesticides can be move by a diffusive transport which enables their adsorption by soil and a flow transport which cause the movement of compounds from soil surface to groundwater, determining an higher risk for groundwater and drinking water contamination (Guzzella et al., 1996) .
The Joint FAO/WHO Meeting on Pesticide Residues (JMPR) has established for food commodities the maximum residue limits (MRLs) of pesticides that can be ingested daily without appreciable human health risk (Environmental Health Criteria, EHC 104, 1990) . In Italy, the MRLs are regulated by European Directives 99/65/EC and 99/71/EC. Nevertheless, large quantities of pesticides are released daily into the environment with potential hazards to human genetic material.
Most pesticides were found capable of inducing mutations in short-term tests (Tezuka et al., 1980; Waters et al., 1982; Plewa et al., 1984; Garrett et al., 1986; Panneerselvam et al., 1995; Ribas et al., 1996; De Marco et al., 2000; Kaya et al., 2000; Zang et al., 2000) , although genotoxicity was only present at much higher doses than those utilized in agricultural activities (Rodrigues et al., 1998) .
140 organophosphate compounds were tested for mutagenic activity in bacteria (Salmonella typhimurium and Escherichia coli) by Hanna and Dyer (1975) , who found that 20% of them gave positive mutagenic responses and that this group of chemicals produced base substitutions rather than frame-shift mutations. Out of 228 pesticides under study, 50 were found to be mutagenic in 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 and JK1 strains). Six out of 14 pesticides evaluated for genotoxicity using the new strains were highly mutagenic in strain JK3. Dolara et al. (1993 Dolara et al. ( , 1994 carried out some studies in Central Italy to determine the toxicological effects of a complex mixture of pesticide residues in common foods.
They mixed 15 pesticides, usually detected in food at high concentrations, and then tested this mixture using the Salmonella-microsome assay, with and without metabolic activation. No mutagenic activity was observed at concentrations up to 500 mg/plate; however, when they tested the same mixture at concentrations ranging from 0.1 to 20 mg/L on human lymphocytes in vitro, they observed a slight but statistically significant increase in sister chromatid exchanges at 1 mg/ml. -Santamaria et al. (1997) performed the human lymphocyte micronucleus test on single pesticides and on mixtures of pesticides usually found in the environment and found a weak genotoxicity for benomyl and for three of the four organophosphorous insecticides. However, the various mixtures did not have any synergistic effects.
Bianchi
The cytological effects of individual pesticides have been studied in plants (Ahmed and Grant, 1972 ) and some studies have been conducted by means of genotoxicity tests: in Tradescantia flowers using the Tradescantia/stamen hair test and the Tradescantia/micronucleus test (Ma et al., 1984; Rodrigues et al., 1998; Mohammed and Ma, 1999) , in Vicia faba roots (micronuclei and root tip length in Vicia faba) (De Kergommeaux et al., 1983; De Marco et al., 2000) and in Allium cepa roots (chromosomal aberration in Allium cepa) (Fiskesjö et al., 1981; Grant, 1982; Fiskesjö, 1985; Rank and Nielsen, 1993, 1997; Rank et al., 1993; Grover and Satwinderjeet Kaur, 1999 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44 in plant and animal systems (Grant et al., 1981) . These studies were performed on single or complex mixtures of pesticides, but a few data on the genotoxicity of residues extracted from fruit and vegetables are yet available.
The aim of this research was to evaluate the potential application of plant genotoxicity test on monitoring of mutagens in food vegetable. The mutagenic activity of extracts of fruit and vegetables used for human consumption was studied using two plant tests in Allium cepa roots, the Allium cepa micronucleus test, and the Allium cepa chromosome aberration test and concurrently the presence of pesticides in these residues by gas-chromatography or high-performance liquid chromatography (HPLC) was analysed.
Materials and methods
We investigated 21 samples of vegetables (beet, cucumber, tomato, cherry tomato, lettuce, round aubergine, pepper) and 8 types of grapes grown in Campania, a region in Southern Italy, and bought from several greengrocer's shops. The samples were extracted for pesticide analyses and for genotoxicity tests.
Fruit and vegetable sampling and pesticide extraction
The samples for the pesticide analyses and for the genotoxicity tests were prepared following two different methods. The method used in the pesticide analyses consisted of the following stages:
1. Sample preparation. Unwashed parts of vegetables and grapes were sliced and whisked to obtain a homogeneous mixture.
2. Residue extraction. A total of 10 g of homogenized sample was mixed with 12 g of diatomaceous earth and placed in an empty 60 ml column. After 10 minutes the column was eluted with 100 ml of dichloromethane.
3. Extract purification or, if chlorophyll was present, on SCX (ion-exchange column). The eluates dried by rotary evaporation at 40°C were re-suspended in 2 ml of (Dagna et al., 1993) .
4. Extract purification in presence of chlorophyll. The extracts dried by rotary evaporation and re-suspended in 2 ml of methanol were charged on a cartridge of SCX (60 ml) previously washed with 5 ml of methanol for activation, and the eluate was recharged twice on the same type of cartridge.
5. Gas chromatography and HPLC analysis of the residues. The final eluates were dried by rotary evaporation and re-suspended in 2 ml acetone/hexane solution (1:1) for gas chromatography analysis or in 2 ml water/acetonitrile solution (70:30) for HPLC analysis.
Sample extraction of samples for genotoxicity test was performed as follows:
2. Sample extraction with diatomaceous earth in dichloromethane. 10 g of homogenized sample were mixed with 12 g of diatomaceous earth and then placed in an empty 60 ml column. After 10 minutes the column was eluted with 100 ml of dichloromethane and the eluates were then dried by rotary evaporation at 40°C (Dagna et al., 1993) . The extraction was carried out on a total of 50 g of sample.
3. Genotoxicity tests on the extracts. The dried extracts were dissolved in dimethylsulphoxide (DMSO) and diluted in distilled water and analysed for mutagenicity by means of plant tests.
Analysis of the extracts
Pesticide analysis.
Instrumental analysis of the extracts was performed by gas chromatography (Manninen et al., 1987) and by HPLC (Ambrus et al., 1981) . Gas chromatography analysis was performed using a Shimadzu GC17A system (Shimadzu Corporation, Tokyo, Japan) which operates with a bi-channel system: after filtering on a 0.45 µm filter, each extract was injected (1 µl) simultaneously into two columns with different polarities (ZB-5 30 m x 0.32 mm ID x 0.25 µm film and ZB-1701 30 m x 0.32 mm ID x 0.25 µm film) (Phenomenex, Torrange, CA, USA) and connected with electron capture detector (ECD) and nitrogen-phosphorus detector (NPD). This allowed one pesticide to be detected by both columns at the same time, thus avoiding the possibility of overlapping of different
pesticides. An ECD detector was used to identify organochloride pesticides, pyrethroids, dicarboxymides and thiophthalimides; an NPD detector was used to identify phosphorates, triazoles and acylanines. All these analyses were performed using pesticide standards (Ehrenstorfer GmbH, Augsburg, Germany).
Quantitative gas chromatography was performed using a multiple internal standard (Series M). The temperature programme consisted of an initial temperature of 50°C held for 2 minutes, followed by an increase to 150°C at a rate of 25°C/min and to 270°C at 4°C/min (10 minutes) (Manninen et al., 1987) .
High-performance liquid chromatography is the most appropriate method to determine certain types of compounds, such as ureic compounds, growth regulators, benzimidazole and carbamates. Most of these compounds present heat sensitivity and low volatility due to their high molecular weight and/or polarity, leading to long retention on GC columns. Hence, these molecules are not amenable to analysis by gas chromatography. HPLC analysis was performed on a Shimadzu LC10 system (Shimadzu Corporation, Tokyo, Japan) equipped with reverse-phase separation columns packed with 5 µm particles and with pH stability from 2 to 10. The latter parameter is particularly important considering the wide range of molecules used nowadays as pesticides. Analyses of benzimidazole and other pesticides were carried out with 250 x 4.6 mm ID Luna 5 µm Phenyl-Hexyl and 5 µm C 18 (2) columns (Phenomenex, Torrange, CA, USA) and a DAD detector, whereas for carbamate analysis, separation on 250 x 4.6 mm ID 5 µm C 8 (2) Luna columns (Phenomenex, Torrange, CA, USA) was followed by post-column derivatization with NaOH and ophthalaldehyde and fluorometric detection. The flow rate was 1 ml/min and quantitative analysis was performed using an external standard. The samples were extracted, purified and dried, and then suspended in a 70:30 water-acetonitrile solution, filtered using a 0.45 µm cellulose filter and injected (100 µl) in HPLC.
Toxicity and genotoxicity tests on Allium cepa roots.
A phytotoxicity assay was performed prior to the genotoxicity tests on some extracts in order to determine the non-cytotoxic doses. The assay consisted of a 96-hour root toxicity test using Allium cepa bulbs grown in extract solutions in distilled water of three kinds of samples (tomato, aubergine, grapes) at concentrations of 225 mg/L, 75 mg/L and 25 mg/L.
Commercial onion bulbs of Allium cepa of equal size were carefully cleaned and washed without destroying the primordial roots. For each sample, six onions were exposed to different concentrations of extracts, and natural mineral water known without mutagenic activity was used as a negative control. On three consecutive days the lengths of the roots were measured and macroscopic parameters were considered. The concentrations used caused no visible cytotoxic effects and therefore they were also used for the genotoxicity tests (Fiskesjö, 1985 (Fiskesjö, , 1995 .
For the plant genotoxicity tests, dried extract equivalent to 50 g of vegetables or grapes was dissolved in 2 ml of DMSO and diluted with distilled water to 225 mg/L, 75 mg/L and 25 mg/L.
These solutions were used to analyse micronucleus frequency in interphase and also chromosome aberrations in anaphase-telophase Allium cepa root tip cells (Grant, 1982; Rank and Nielsen, 1993, Rank et al., 1993; Ma et al., 1995; Grover and Satwinderjeet Kaur, 1999) . The Allium cepa bulbs were put in natural mineral water for pre-germination until the root length was 1.5-2 cm; the roots were then exposed to the extract solutions for 48 hours. Each extract was tested with a series of five onions. After exposure, the root tips were fixed in Carnoy's solution (ethyl alcohol and acetic acid, 3:1) for 24 hours, immediately for chromosome aberrations or after 48 hours' recovery time in mineral water for micronuclei analysis (Ma et al., 1995) . After fixation, the roots were transferred to 70% ethyl alcohol and stored in a refrigerator until examined. 
Results

Chemical analyses of the pesticides
The chemical analyses enabled us to identify pesticides with a wide-polarity range in the samples of the vegetables and grapes examined ( [insert Table I here]
Eleven out of twenty-one (52.2%) vegetable samples did not comply with the current law on pesticide residues; eight (38.1%) contained concentrations of pesticides over the MLRs, one (4.8%) contained pesticides not allowed for the type of crop, and one (4.8%) was in breach of the law for both reasons.
Five out of eight grape samples (62.5%) contained concentrations of pesticides over the MLRs.
Only two samples (beet and pepper) contained no pesticide residues. [insert Table IIIa here] According to the Fisher test, seven vegetable samples (33.3%) were positive using the chromosomal aberration test: two were positive at all tested doses, one at high and medium doses, and four at the highest dose only (Tables IIIa and IIIb) .
Allium cepa tests
[insert Table IIIb here] About the grapes only one was not able to induce chromosomal aberrations in root cells of Allium cepa. Seven grape samples (87.5%) gave positive results inducing an increase in the frequency of aberrations: one at all tested doses, three at high and medium tested doses, and three at the highest dose (Table IIIc) .
[insert This is the first application of the Allium cepa tests in food extracts, and the results suggest their applicability for this purpose, especially when using the micronucleus test in interphase cells, which gave much higher mutagenicity than the chromosomal aberration test in anaphase-telophase cells.
Micronucleus frequency was much higher compared to the negative control, with a dose-response shown in about 7,000 subjects that an increase of micronucleus frequency in lymphocytes predicts the risk of carcinogenesis in human (Bonassi et al., in press ). it can be potentially dangerous also for the chromosomes of mammalian cells.
The genotoxic effects detected may be the result of the synergistic activity of the different pesticide residues present in the vegetable and grape extracts, even if many natural substances in plant material might be genotoxic (Ames et al., 1987) . In this study unwashed vegetables and grapes were used, but it would be useful to test thoroughly washed vegetables and grapes to evaluate if the genotoxicity is really related to pesticide residues in food. In fact washing processes remove a large amount of residues, and ensure a large margin of safety (Jayakrishnan et al. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
